The host range of an octopine Ti plasmid is limited to Rhizobiaceae. This has been extended also to Escherichia coli in the form of a stable cointegrate with the wide-host-range plasmid R772. Its structure was studied by constructing a physical map of R772 and of the R772::pTiB6 cointegrate. An insertion sequence present in R772, called IS70, turned out to be involved in cointegrate formation. We found one intact copy of IS70 and a small segment of IS70, respectively, at the junctions of R772 and Ti DNA. The absence of a complete second copy of IS70 is a likely explanation for the stability of the cointegrate plasmid. A procedure for site-directed mutagenesis of this cointegrate plasmid in E. coli is described. The effect of mutations in the Ti plasmid part can be studied subsequently by transferring the cointegrate into Agrobacterium tumefaciens. The advantage of this procedure for Ti plasmids over other methods used at present is discussed.
The Ti plasmid of Agrobacterium tumefaciens is essential for the capacity of this bacterium to induce tumors on dicotyledonous plants (27, 29, 33) . Upon tumor induction part of this plasmid, the T-region, is integrated into the plant genome, where it is transcribed into polyadenylic acidcontaining mRNAs, some of which have been found to be capped and translated into proteins (2, 3, 7, 10, 25, 26, 30-32; A. M. Ledeboer, thesis, University of Leiden, Leiden, The Netherlands, 1978). Strains ofAgrobacterium harboring a Ti plasmid lacking the T-region are no longer able to induce tumors (17) . Physically distinct from the T-region, a second segment on the Ti plasmid has been identified that is essential to bacterial oncogenicity (8, 21) . This segment has never been found in the plant tumor cell. Because mutations in this segment were shown to be complementable in trans, this area is called the vir (virulence) region (11, 12, 15) .
To get a more detailed insight into the organization and function of Ti plasmid genes, procedures have been reported for site-directed mutagenesis of Ti plasmids (9, 18, 19, 24) . In all of these cases the final step of Ti plasmid mutagenesis is performed in Agrobacterium itself, because the host range of Ti plasmids is limited to Rhizobiaceae. In short, the following steps are made. A cloned fragment of the Ti plasmid is mutagenized in Escherichia coli, e.g., by insertion of a transposon. Then, the mutagenized fragment is subcloned on a wide-host-range vector and transferred into a Ti plasmid-containing Agrobacterium strain. Here, by homologous recombination via double crossing over, the insert is placed in the Ti plasmid. The wide-host-range plasmid is subsequently cured with an incompatible plasmid, or the Ti plasmid is transferred conjugatively to another Agrobacterium recipient. Transconjugants are tested for proper placement of the mutation into the Ti plasmid. Because these procedures are rather laborious, it would be advantageous if the site-directed mutagenesis of the Ti plasmid itself could directly be performed in E. coli. To this end, the Ti plasmid requires a replicator that functions in E. coli.
Cointegrate plasmids have been isolated in our group between the wide-host-range IncPl type plasmid R772 and an octopine Ti plasmid (pTiB6). When such cointegrates are transferred from A. tumefaciens into E. coli, they usually dissociate and the Ti part of the cointegrate is lost (6, 14 RESULTS From an experiment in which an octopine Ti plasmid (pTiB6) was mobilized with the widehost-range IncPl type plasmid R772, a particular R772::Ti cointegrate was obtained (pAL969 [14] ). Strains harboring this plasmid show 100%o cotransfer of R772 and Ti plasmid markers when used as a donor in further crosses. To understand the stability of this cointegrate, its physical map was determined. First, a map of the IncPl type plasmid R772 was made. Subsequently, a transposable element was identified and isolated from R772 and a physical map for plasmid pAL969 was made, in which copies of the transposable element were indicated.
Physical map of R772. Ten restriction endonucleases were tested on R772 DNA. Three of them, BglII, KpnI, and XbaI, did not cut this plasmid, and one, BamHI, gave a single cut. The remaining enzymes, HpaI, Sall, SmaI, HindIII, EcoRI, and PstI, gave more than one cut (Fig.  1) . When the sizes of all fragments were taken together, the size of R772 DNA turned out to be 40.5 megadaltons (Md). Double digestions and Southern blot hybridizations were performed to establish the order of the fragments. Because many restriction endonuclease sites appeared to be clustered in such a way that the alignment of sites could not be established, we decided to clone certain R772 restriction fragments on multicopy plasmids (see Table 1 ). By using these clones in restriction endonuclease analysis, sites could be mapped very accurately. In Fig. 1 Fig. 2 results of the restriction endonuclease mapping of the 2.5-Md IS70 on pBR322 are presented. With this map IS70 was precisely positioned on the map of R772 (see Fig. 1 ).
For the R772: :Ti cointegrate plasmid pAL969, the site of cointegration between R772 and the Ti plasmid was determined by using six different restriction endonucleases (data not shown). From the results it could be deduced that on R772 the site of cointegration was in a 1.5-Md fragment (the overlapping part of SmaI fragment 4 and PstI fragment 3; see Fig. 1 ), and on the Ti plasmid the site was in a 0.8-Md fragment (EcoRI fragment 16 and HindIII fragment 28a). If the cointegrate plasmid pAL969 was cut with an enzyme that does not cut in IS70, one would expect to find two fragments showing sequence homology with IS70, namely, the two R772::Ti fusion fragments. However, when an enzyme was used that cuts once in IS70, four such fragments would be expected.
Plasmid pBR322::IS70 (pRL246) was labeled in vitro and hybridized to blots containing pAL969 DNA, separately digested with different enzymes. In the case of an enzyme that does not cut in IS70 (EcoRI, HpaI), two different bands were detected on the autoradiograms, as expected. However, with an enzyme that cuts once in IS70 (SmaI), three bands were detected (Fig. 3) .
In a control experiment pRL246 was hybridized to a blot containing Ti plasmid DNA. No hybridization was observed to this blot, indicating that neither pBR322 nor IS70 contains sequences homologous to the Ti plasmid. Several conclusions can be drawn from these results. First, it proves that cointegration between R772 and the Ti plasmid did occur through IS70, since it appears to be present twice. Second, it can be envisaged that there is only one complete copy of IS70, whereas the other is a remnant of IS70. Restriction endonuclease digestion of plasmids pAL969 and R772. In lanes 1 and 2, respectively, pAL969 and R772 were digested with SmaI and run on a 0.8% agarose gel. Plasmid pRL246, consisting of pBR322 and IS70 (see Fig. 2 (Fig. 4) . The remarkable stability of pAL969 can now be explained by assuming that the size of the incomplete second IS70 copy is not sufficient to allow efficient homologous recombination, which otherwise would lead to dissociation of the cointegrate.
Site-directed mutagenesis. A model experiment was designed to study the use of the stable R772::Ti cointegrate (pAL969) for site-directed mutagenesis in E. coli. Because of the relatively small size of R772 (40.5 Md), alterations in the restriction patterns of a mutated R772 plasmid would be easier to interpret than those for the cointegrate plasmid (with a size of 162 Md). Therefore, a site-directed mutation was first introduced into R772, and after it had been characterized it was introduced into plasmid pAL969.
HindIII fragment 3 of R772 (with a size of 6 Md) was cloned on the insertional activation vector pTR262. This fragment does not carry functions essential for self-transfer or autonomous replication of R772 (see Fig. 1 ). The resulting plasmid, pRL232, has three EcoRI sites, all located within the cloned fragment. The vector part (pTR262) has no EcoRI sites. The two small internal EcoRI fragments of pRL232 (1.8 and 1.0 Md) were eliminated and replaced by an EcoRI fragment of plasmid pRL220 (13), carrying Ap and Cm resistance determinants (with a total size of 5.8 Md). In this way a plasmid was obtained, pRL234, that carried Ap, Cm, and Tc resistance loci (Fig. 5) . At both sides of the Cb Cmr fragment, a segment with homology to R772 and approximately 1.5 Md in size existed. Now R772 and pRL234 were brought together in one bacterial cell (KMBL1164) to force the transfer of the Cb Cm segment into R772 via homologous recombination. This strain was then used as a donor in a cross with KMBL1001. Transfer of the IncPl plasmid R772 was high; about 1% of the recipients received this plasmid. In earlier experiments it was found that R772 mobilizes pBR322 with a frequency of 10-5 per transferred R772 (via IS70 from R772). Thus, via IS70, we also could expect R772 to mobilize pRL234 with a frequency of approximately l0-5. We actually found a transfer value for the Ap determinant of 10-2 per transferred R772, which is much higher than we would expect for mobilization through a transposition event. This suggests that the homology between pRL234 and R772 is responsible for the high transfer frequency. For further analysis, 22 Apr colonies were picked with a toothpick; 14 were Apr Cmr Kmr Tcr and 8 turned out to be Apr Cmr Kmr Tcs. The set of 14 colonies expressed all markers of R772 as well as pRL234, which indicated that the complete pRL234 was mobilized (mobilization frequency, 6 .5 x 1i-0 per transferred R772). In contrast, the set of eight colonies carried the R772 marker (Kmr) and the Apr Cmr markers from the mutagenized HindIII fragment 3 of R772, but not the marker of the vector plasmid (Tc'). These eight colonies, therefore, were likely candidates for having received the site-directed mutation (fre- quency of replacement, 3.5 x 10-3 per transferred R772). From three independent colonies, plasmid DNA was isolated and analyzed on agarose gels: only one plasmid of the same size was observed for all three. Also, the fragment pattern after digestion with HindlIl was identical for these plasmids (see Fig. 5 for an example). HindIII fragment 3 of R772 had disappeared, and two new fragments appeared. These two new fragments were identical to the mutagenized HindlIl fragment 3 of R772 in pRL234. In the R772 derivative, pRL239, no band of the vector plasmid (pTR262) is seen. This conclusively shows that R772 had been site-directedly mutagenized. Similarly, the same mutation has been introduced into the cointegrate plasmid pAL969. Results obtained were essentially the same as observed for R772, and when such a mutated R772: :Ti plasmid was transferred to A. tumefaciens, normal tumor induction was obtained. This was as expected, since the mutation was not located at the Ti part of the cointegrate plasmid.
To test the feasibility of the described procedure for site-directed mutagenesis to the Tregion of the Ti plasmid, a T-region fragment (EcoRI fragment 7) was cloned on vector pACYC184. The resulting plasmid, pRAL3501, would directly give strains that only carry the site-directed mutation in the cointegrate plasmid.
